Epithelial kidney tumors induced in CBA male mice by 1,2-dimethylhydrazine (DMH) were studied histochemically and immunohistochemically. A total of 48 tumors studied histologically were diagnosed as clear-cell, acidophilic, or mixed adenomas located in the renal cortex. Gamma-glutamyl transpeptidase (GGT) was strongly positive in normal proximal convoluted tubules, slightly positive in the cells of Bowman's capsule, and negative in 47 of 48 tumors examined. Antibodies against the new antigen obtained from the mouse liver oval cells, antigen A 6 , were also used. This antigen is negative in normal kidney proximal tubules but always positive in distal tubules and collecting ducts. It was also positive in all 47 GGT-negative tumors studied here. One tumor was GGT-positive and antigen A 6 -negative. Based on our data, it was concluded that the majority of renal cell adenomas induced by DMH in mice probably originate from the distal tubules or collecting ducts and not from the proximal tubules.
INTRODUCTION
A number of chemical carcinogens produce renal cell tumors (RCTs) in mice (2, 8, 11, 13, 18) . The incidence of renal tumors induced by these carcinogens, however, rarely exceeds 30%. The exceptions are streptozotocin, which provoke RCTs in 73% of male and 97% of female Harwell-derived CBA mice after a single iv injection (5) , and 1,2-dimethylhydrazine (DMH), which induces RCTs in 48% of male Swiss albino mice (14) and in up to 75% of male CBA mice (17) .
Due to lack of an appropriate experimental model, RCTs have not been as thoroughly studied in mice as in rats (1, 6, 7) . Although several detailed descriptions of mouse RCT morphology exist (5, 8, (11) (12) (13) , information on the histogenesis of these tumors in mice is limited (5, 8) . Also, information is scarce on the transplantability of RCTs in mice; we found only 1 report (3) in which spontaneous invasive carcinomas were readily transplantable.
Serial sacrifice was performed in the present study to establish the applicability of the DMH model for the study of early stages of RCTs. Histochemical (gamma-glutamyl transpeptidase [GGT]) and immunohistochemical (antigen A6) markers were used in normal kidney tissue and RCTs in an attempt to elucidate the histogenesis of these tumors. GGT was shown to be present in the proximal tubules of the rat kidney (10), but it has not been studied so far in the mouse kidney. Antigen A6 was obtained from mouse liver oval cells and was shown to be present in many types of epithelia, including those in the kidney, where it was found in the cells of distal tubules and collecting ducts but not in the proximal convoluted tubules (4).
One adenoma induced by DMH in these experiments was transplanted and followed through 5 passages.
MATERIALS AND METHODS
CBA male mice 2-3 mo old, were obtained from the animal house of the USSR Academy of Medical Sciences. Mice were kept in plastic cages, 10 per cage, and received a pellet diet recommended by the USSR Academy of Medical Sciences and drinking water ad libitum. Maintenance and sacrifice of animals were performed according to the rules established by the USSR Ministry of Health. The dihydrochloride of DMH (Fluka) was dissolved in distilled water and given once a week as sc injections of 8 mg/kg body weight. Experiment 1. Eighty CBA males received 5 sc injections of 8 mg/kg body weight DMH once a week and were sacrificed by ether 45, 50, and 55 wk after the first injection. The goal of this experiment was to establish the tirne periods in which this model is suitable for studying early stages of renal carcinogenesis. Kidneys were fixed in 10% buffered formalin, processed, and paraffin embedded. Histological sections were cut and stained with hematoxylin and eosin (H&E). Experiment 2. For histochemical and immunohistochemical studies, 80 CBA male mice received 8 sc injections of 8 mg/kg body weight DMH once a week and were sacrificed from 48 to 55 wk after the first injection. The kidneys were fixed either in 10% buffered formalin or in liquid nitrogen for the preparation of the cryostat sections, which were later fixed in acetone for 10 min at 4°C.
The reaction for revealing GGT was performed by standard methods (10) . Antigen A6 was revealed by an indirect immunoperoxidase reaction by means of the rat monoclonal antibodies against mouse antigen A6. F(ab)2 fragment of the anti-rat IgG labeled with a peroxidase (Amersham) was inhibited by 0.01 1 M jodic acid and 0.1 M sodium borate (4) . A total of 48 adenomas were used for the histochemical and immunohistochemical studies.
A kidney adenoma found in a mouse killed at 5 5 wk was subcutaneously transplanted into 10 syngenic male mice. At present, 5 transplant passages have been studied histologically. One tumor from every passage was tested for GGT and antigen A6.
RESULTS

Incidence
The incidence of renal adenomas after 5 DMH injections was 2/10, 17/47, and 15/23 45, 50, and 55 wk after the first injection, with the average number of adenomas per kidney 0.5, 1.53, and 2.43, respectively. The maximum number of adenomas in 1 kidney was 7. The diameter of adenomas did not exceed 1-2 mm at 45 and 50 wk and reached 4-5 mm 55 wk after the beginning of treatment. No tumors at other sites were found.
Light Microscopy, Histochemistry, and Immunohistochemistry
Most adenomas studied had a structure of papillary cystadenomas; solid adenomas or those of a mixed type were rarely found. Cytologically, papillary tumors consisted mainly of granular acidophilic cells, and solid adenomas of clear and acidophilic cells. Basophilic cells were practically absent. No invasion into surrounding kidney was seen.
In the normal kidneys, GGT was present in the proximal tubules, present in the epithelium of Bowman's capsule, and absent in distal tubules and collecting ducts; the renal medulla was completely negative. Just the reverse was observed with antigen A6: a positive reaction in distal tubules and collecting ducts and no reaction in proximal tubules. All but one of the tumors studied showed the same pattern of reaction to the markers used: They were completely GGT-negative ( Fig. la, b ) and antigen A6-positive ( Fig. 2a, b ). Their GGT negativity was absolute, i.e., without any transition from high reactivity in proximal tubules to naught. Antigen A6 positivity was not the same in all tumors nor in different parts within the same tumor; some cells were highly and weakly positive ( Fig. 2a, b ). Epithelial cysts were also GGT-negative ( Fig. 1 c) and antigen A,-positive.
The only exception was a solid adenoma consisting of cells with a granular acidophilic cytoplasm. The tumor cells were GGT-positive, although less positive than surrounding proximal tubules (Fig. 3a) , and antigen A6 was negative (Fig. 3b ).
Transplantation
The primary tumor was a cortical adenoma that had a solid structure and consisted of cells of uniform shape and size with a clear or finely granular cytoplasm (Fig. 4a ). Rare mitoses were seen. Small areas of cell degeneration were observed. The palpable nodules were observed 6-8 mo after the transplantation. Histologically, they represented conglomerates of cystic lesions, each consisting of a cavity filled with necrotic tissue and cellular debris and walls formed of tumor tissue. This consisted of cells with pale or granular cytoplasm, similar to those in the primary tumor, and cells with dark nuclei of varying size. Sometimes, giant cells with hyperchromatic nuclei were seen (Fig. 4b) . No invasion into the surrounding tissue was observed. The time of palpable tumor appearance was shortened to 2-4 wk after the retransplantation. The tumors of the subsequent transplant passages showed somewhat more structural and cellular polymorphism but still without invasion into the surrounding tissue. All tumors were GGT-negative and antigen A6-positive.
DISCUSSION
In male mice, DMH is a pluripotential carcinogen that produces tumors at a variety of sites (e.g. renal capsule, colon, anal region). At high DMH doses, these rapid-growing tumors are a main cause of animal death, thus precluding or masking the development of slow-growing RCTs (17) . When 8 mg/kg body weight DMH was used as a single dose in CBA male mice, the following RCT incidences were obtained : 5.3, 5.0, 55.3, and 64.9% after 0, l, 2, and third to two-thirds of the animals had RCTs 50 and 55 wk after 5 injections of 8 mg/kg body weight DMH, with no tumors at other sites. Taken together with the data of other authors (14) , it can be said that DMH may be considered, with the appropriate regimen of treatment, as one of the most potent renal carcinogens in mice.
Under identical conditions, CBA mice appear to be the most susceptible mice to epithelial renal tumor induction : 79, 43, 30, 23, 14, and 13% in CBA, BALB/c, (CBAxC57Bl)Fl, C57B1, C3HA, and C3H male mice, respectively (15) . It is of interest that high incidence of RCTs induced by streptozotocin (5) was also obtained in Harwell-derived CBA mice.
Based on the morphologic characteristics of cells in early microscopic lesions, Lombard et al (8) concluded that RCT induced by N-nitrosoethylurea originated from proximal convoluted tubular epithelium. The same conclusion was made by Hard (5) in regard to RCTs induced in mice by streptozotocin. The present study, with the use of GGT and antigen A6 as markers, indicates that the vast majority (47/48) of papillary cystic and solid RCTs probably originate from the cells of distal tubules or collecting ducts and not from proximal tubules.
Additional proof of this is the various degree of antigen A6 positivity in the tumors or within 1 tumor, probably reflecting different stages of their differentiation. A striking consistency is observed in the inverse relationship between two markers: GGTnegative tumors and epithelial cysts were always antigen A6-positive, and the only GGT-positive tumor was antigen As-negative. The use of this pair of markers in further studies of RCT histogenesis seems to be promising.
In the rat, the origin of RCTs from both proximal tubules and collecting ducts was demonstrated (1, 6, 7, 9) , and Nogueira et al claimed (9) that the site of origin of clear cell renal tumors may be independent of the carcinogen used. In the mouse, however, the available, although very limited, material suggests that carcinogen might play a role in determining the histogenesis of RCTs. Additional studies in mice with other carcinogens are necessary for a final conclusion.
In the retransplantation process, the latency period of palpable nodule appearance was shortened considerably (from 6-8 mo to several weeks). In all 5 transplant passages, the tumors remained noninvasive, but marked changes occurred in their general FIG. 3. -GGT-positive and antigen A6-negative tumor. x 500. a) GGT positivity (top) of the tumor is less pronounced than that of the proximal tubules of the surrounding parenchyma (bottom). Counterstained with hematoxylin. b) Tumor (top) is completely antigen A6-negative. Immunoperoxidase reaction without counterstain. structure and cell polymorphism compared to those of the primary tumor. All tumors tested for GGT and antigen A6 were GGT-negative and antigen A6positive, i.e., the primary tumor probably originated from distal tubules or the collecting duct system and retained its quality in the process of retransplantation.
